ABSTRACT: Two studies were conducted to optimize use of alkaline-treated corn stover and wheat straw and distillers grains as partial corn replacements. In Exp. 1, a finishing experiment used 30 pens (12 steers/pen) of calf-fed steers (initial BW = 374 ± 23.9 kg) with a 2 × 2 + 1 factorial arrangement of treatments with 6 repli cations per treatment. Factors were grind size, where corn stover was processed through a 2.54 or 7.62cm screen, and chemical treatment (corn stover either fed in native, non-treated form [NT; 93.4% DM] or alka line treated [AT; 5% CaO hydrated to 50% DM]). No interactions (P ≥ 0.38) were noted between grind size and chemical treatment. Feeding AT compared with NT improved (P ≤ 0.02) final BW, ADG, and G:F. Reducing grind size improved (P ≤ 0.01) ADG and G:F, and no interaction with chemical treatment was observed. Steers fed AT had similar DMI, ADG, G:F, and carcass characteristics compared with a 5% rough age control that contained 15 percentage units (DM basis) more corn. In Exp. 2, 60 individually fed steers (initial BW = 402 ± 61.4 kg) were randomly assigned to 10 diets. Six treatments evaluated 10, 25, or 40% dryrolled corn (DRC), which was replaced with either a 2:1 or 3:1 ratio (DM basis) of modified distillers grains plus solubles (MDGS) and treated corn stover analyzed as a 2 × 3 factorial. An additional 3 treat ments were added where a 3:1 ratio of MDGS:straw were compared with a 3:1 ratio of MDGS:stover. As DRC increased, G:F (P = 0.06) quadratically increased for 3:1 MDGS:stover diets. Increasing DRC increased (P = 0.07) G:F in treated stover diets, regardless of ratio. Increasing DRC increased (P = 0.10) ADG for 3:1 ratios for both straw and stover. Reducing grind size, feeding a maximum of 20% treated crop residue, and maintaining at least 25% corn in the diet are strate gies for optimizing cattle performance when replacing dryrolled and highmoisture corn with treated crop residues and distillers grains. Published July 17, 2015
INTRODUCTION
In much of the Corn Belt, supplies of wet or modi fied distillers grains and crop residues are abundant. These ingredients have been investigated as a corn replacement in cattle diets. Due to the fibrous nature of both distillers grains and crop residues, alkaline treatment may serve to enhance utilization of both by cattle. Alkaline treatment of crop residues such as corn stover or wheat straw improves digestibility (Klopfenstein, 1978; Berger et al., 1979; Fahey et al., 1993) . However, pretreatment of dry or modified dis tillers grains with CaO did not improve digestibility but did improve G:F by finishing steers (Schroeder et al., 2014) . Shreck et al. (2015) reported similar ADG and G:F when 10% corn and 10% roughage were re placed with 20% alkaline-treated corn stover or wheat straw in diets containing 40% wet distillers grains plus solubles (WDGS) . In that study, corn stover was Effects of grind size when alkaline treating corn residue and impact of ratio of alkaline-treated residue and distillers grains on performance of finishing cattle 1 ground through a 7.62cm screen before treatment. We hypothesized that reducing grind size, before treatment with CaO, may provide greater surface area and im prove alkaline treatment. Further reducing particle size of residue could either improve performance compared with larger grind size or may allow for an increased amount of corn that could be replaced (15 vs. 10%). A second study evaluated the amount of dietary corn re placed with combinations of distillers grains and treated crop residues. The objective of these trials was to deter mine the impact of corn grain concentration when re placed by combinations of distillers grains and treated crop residues on performance and carcass merit.
MATERIALS AND METHODS
All procedures used for these experiments involv ing animal care were approved by the University of Nebraska Institutional Animal Care and Use Committee.
Experiment 1
Steers used in this experiment were received as calves in October 2010 and initial processing included vaccination with pentavalent modified live virus (BoviShield Gold 5; Zoetis Animal Health, New York, NY), Histophilus somnus bacterin (Somubac; Zoetis Animal Health), injectable anthelmintic (Dectomax; Zoetis Animal Health), and metaphylactic antibiotic (Micotil; Elanco Animal Health, Greenfield, IN). Approximately 14 d later, cattle were vaccinated for prevention of pinkeye (Piliguard Pinkeye + 7; Merck Animal Health, Desoto, KS) and given a vaccination booster against clostridial infections (Ultrabac7 Somubac; Zoetis Animal Health). Until trial initiation, steers were limit fed a diet contain ing 47.5% Sweet Bran (Cargill Inc.'s Corn Milling unit, Blair, NE), 47.5% alfalfa hay, and 5.0% supplement (DM basis), at 2.0% of BW for 5 d , to equalize gut fill before weighing on d 0 and 1 for initial BW determination (Stock et al., 1983) .
Treatments were designed as a 2 × 2 + 1 factorial. Factors included initial processing (corn stover was ground through a 2.54 or 7.62cm screen) and chemi cal treatment (5% CaO + 50% water [alkaline treated, AT] vs. native, nontreated form [NT]). Corn stover replaced 2 ingredients. One ingredient replaced was a 50:50 blend (DM basis) of highmoisture corn and dry rolled corn (DRC) and the other ingredient replaced was roughage. Corn stover was fed at 20% of diet DM (Table 1) . The control (CON) diet contained a greater amount of corn (51.0 vs. 36.0%; DM basis) and less roughage (5% NT corn stover ground through a 7.62-cm i.d. screen, DM basis) than the other 4 diets. Corn stover was from a single source and brought to the feed lot as round bales. Corn stover was processed through a tub grinder (Mighty Giant; Jones Manufacturing, Beemer, NE) equipped with either a 2.54-or a 7.62-cm i.d. screen and stored under a roof in a commodity bay. Chemical treatment consisted of water, CaO (0 to 0.098 cm granular standard quicklime; Mississippi Lime Co., Kansas City, MO), and ground residue weighed and mixed into feed trucks (Roto-Mix, Dodge City, KS). The mixture was calculated to be 50% DM with CaO added at 5.0% of the forage DM (treated stover from 2.54-and 7.62-cm grind sizes averaged 48.1 and 44.8% DM, respectively). Feed trucks dispensed treat ed residue into a silage bagger (model 2W08; KellyRyan, Blair, NE) operating at approximately 1,379 kPa for storage over the duration of the trial. Treatment of corn stover was performed 1 mo before trial initiation. Untreated residues were ground as needed and stored under a roof in commodity bays throughout the trial. All diets contained 40% (DM basis) modified distillers grains plus solubles (MDGS; 59.3% DM). All finish ing diets contained 4.0% dry supplement, which was formulated to contain 33 mg/kg of DM monensin and to provide 90 mg/steer daily of tylosin (Elanco Animal Health). Feedbunks were assessed at approximately 0630 h and managed so that only traces of feed were left in the bunk each morning at feeding time. Accumulated feed refusals were removed from feed bunks and were dried for 48 h at 60°C in a forced-air oven to determine DM. Orts were assessed weekly and refusals made up 0.8% of total DM offered. Ingredients were sampled weekly and analyzed for DM content. Nutrient composition of diets (Table 2) were calcu lated from ingredient analysis. Ingredient CP (method 990.06; AOAC 1990) and sulfur were analyzed us ing a combustion type N and S analyzer (TrueSpec N Determinator and TruSpec Sulfur AddOn Module; Leco Corporation, St. Joseph, MI). Lipids were determined using a biphasic lipid extraction as outlined by Bremer et al. (2010) . For MDGS, lipids were first removed and the subsequent residue was analyzed for NDF. Monthly composite samples of treated and untreated crop residues were analyzed for Ca (ServiTech Labs, Inc. Hastings, NE), NDF (Van Soest et al., 1991) , and pH. For NDF, 0.5 g of sodium sulfite and 0.5 mL of α-amylase were includ ed during reflux. Briefly, pH was determined by taking 5.0 g (asis basis; sample previously dried and ground through a 1 mm screen) of sample and adding 100 mL of distilled water, which was then refrigerated for 12 h, and pH was measured (model EN20 meter; MettlerToledo, Columbus, OH) after the sample was given 20 min to equilibrate to room temperature.
Calcium oxide (formulated to contain 68% Ca based on molecular ratio) replaced limestone in treated diets. Grain adaptation consisted of a series of 4 diets contain ing 30, 22.5, 15, and 7.5% alfalfa hay (DM basis), which were fed for 6 d per step, with corn replacing alfalfa hay in each diet. Inclusion level of corn stover and supple ment was the same in the adaptation diets as in the final experimental diets for each treatment. This experiment used 360 calf-fed steers (initial BW: 374 ± 9.9 kg) fed in 30 pens (12 steers/pen) with 3 initial weight blocks. Five diets were fed with 6 pens (replications) per treat ment and the experiment was a randomized block design. Steers were randomly assigned within block to pens and pen was randomly assigned to treatment. Steers were fed from January 8 to June 6, 2011, and fed in open, soil-sur faced pens. On d 28, steers were implanted with Revalor-S (120 trenbolone acetate, 40 mg estradiol; Merck Animal Health) and poured with 15 mL of Saber (1.0% lambda cyhalothrin; Merck Animal Health). During the course of the study, 4 steers were treated for footrot, 4 steers were treated for pinkeye, 1 steer was removed for lame ness, and 2 steers died while on study; data from these steers were removed from the analysis. On d 151, steers were offered 50% of previous day's feed call and were weighed 6 h after feeding on a pen scale (Norac M2000; Norac Inc. Bloomington, MN) and shipped for slaugh ter approximately 3 h later. Live BW was shrunk 4% to calculate dressing percentage (HCW/shrunk live BW). On d 151, 1 pen from the CON treatment had a live BW that was not recorded. Therefore, there were 5 obser vations for live BW and dressing percent for the CON treatment. Steer identification and HCW were recorded on the day of slaughter (Greater Omaha Packing, Omaha, NE). After a 48-h chill, marbling score, 12th-rib fat thick ness, and LM area were recorded from camera measure ments. Final BW, ADG, and G:F were calculated based on HCW adjusted to a common dressed yield of 63%. Yield grade (YG) was calculated according to Boggs and Merkel (1993) using the carcass measurements (assum ing a common 2.5% KPH) and the following formula: YG = (2.50 + (0.0017 × HCW, kg) + (0.2 × KPH, %) + (6.35 × 12thrib fat, cm) -(2.06 × LM area, cm 2 ).
The energy content of corn stover was estimated using the NRC (1996) model. The NEg of AT and NT stover was estimated (per pen) relative to the CON (treatment average) by using actual observed DMI and BW inputs as well as manipulating NE adjusters to match observed ADG for steers consuming the CON. Using observed DMI, TDN value of corn stover was increased until the predicted ADG equaled the observed ADG of steers consuming the treated diets. For each pen, actual average BW over the feeding period [(car cass adjusted final BW+ initial BW)/2] and carcass ad justed final BW (for mature size at 27% body fat) were inputted before TDN adjustment. Other model inputs included use of implant, ionophore, and assumption of thermoneutral conditions. The NE adjusters required to achieve observed ADG were 0.955 for the CON. Block et al. (2006) reported a 0.82 NE adjustment for cattle fed under similar conditions. Modified distillers grains plus solubles were assumed to have 1.70 Mcal/kg of NEg (96.11 TDN, 113.6% the value of DRC) based on 40% inclusion level (Nuttelman et al., 2012) . Corn sto ver was assumed to have 0.11 NEg Mcal/kg (41 TDN; Burken et al., 2013) . Briefly, in that study, TDN was determined on corn plants (collected at grain harvest) with grain removed, using in situ NDF disappearance (28-h incubation period) along with total cell soluble concentration and assuming a 12% metabolic fecal loss. All corn in the diet was assumed to contain 1.37 NEg Mcal/kg (83 TDN; Tedeschi et al., 2005) . The NRC (1996) model equation [NEg = (1.42 × TDN) -(0.174 × TDN2) + (0.0122 × TDN3) -1.65] converted TDN to NEg. Although it was assumed that the basal ingredi ents' energy value (corn and MDGS) were unchanged under this evaluation, we recognize that, biologically, stover inclusion could affect utilization of other ingre dients. This in turn, however, could provide greater understanding of the mechanism behind observed per formance and aid in explaining treatment differences (Vasconcelos and Galyean, 2008) .
Data were analyzed using the MIXED procedure of SAS (version 9.2; SAS Inst. Inc., Cary, NC). The experiment had 2 weight blocks (3 replications per block) and 5 diets (6 replications per treatment) and was designed as a randomized block design. In all analyses, initial BW block was included as a random effect. Two models were constructed to analyze data. To compare AT and NT diets to the control, pairwise comparisons for all treatments (n = 5) were determined by Fisher's LSD method when the Ftest statistic was significant at an α level of P = 0.05. All diets were coded such that the model statement contained the ef fects of each treatment combination and the control. To evaluate the main effects of grind size and chemi cal treatment, a second model was constructed. Data were analyzed as a 2 × 2 factorial treatment arrange ment. This model contained main effects of chemical treatment (NT vs. AT) and grind size (2.54 or 7.62 cm screen) as well as chemical treatment × grind size interaction. A P ≤ 0.05 was considered significant and P ≤ 0.10 were considered statistical trends.
Experiment 2
As replacement of 10 and 15 percentage units of corn with treated stover appeared successful, based on the results of Shreck et al. (2015) and Exp. 1, a sub sequent study was conducted to test greater amounts of corn replacement by treated crop residues or distill ers grains. Sixty yearling steers were individually fed from June 24 to October 25, 2011, using Calan gates (American Calan, Northwood, NH) for 124 d. Steers were blocked (n = 2) by initial BW and randomly as signed to treatments. Ten dietary treatments (Table 3) were offered and this resulted in 6 replications per treat ment, with steer as the experimental unit. These diets were arranged such that 2 factorials could be analyzed. In the first factorial, factors were ratio of distillers grain and corn stover (2:1 or 3:1 MDGS:stover) with 3 DRC inclusions (10, 25, and 40%; DM basis). In the second factorial, factors were 2 types of treated crop residue (corn stover or wheat straw at 3:1 ratio) with 3 DRC levels (10, 25, and 40%; DM basis). Ratios of MDGS:residue replaced DRC and consisted of MDGS and treated corn stover at 3:1 and treated wheat straw at 3:1. A control diet was offered and contained (DM basis) 35% MDGS, 56% DRC, and 5% untreated corn stover. Nutrient composition of treatment diets is pro vided in Table 4 . Steers were limit fed a diet containing 45.0% Sweet bran (Cargill Inc.'s Corn Milling unit), 45.0% alfalfa hay, and 5% supple ment (DM basis) at 2% of BW for 5 d and weighed on 3 consecutive days (d -1, 0, and 1) for initial BW de termination (Stock et al., 1983) . Steers were implanted with RevalorS (120 mg trenbolone acetate and 40 mg estradiol; Merck Animal Health) on d 1. Wheat straw and corn stover were initially ground through a 7.62 cm screen and treated with CaO similar to Exp. 1. The mixture was calculated to be 50% DM (treated wheat straw and corn stover used during experiment were 52.7 and 54.7% DM, respectively) with CaO added at 5% of the forage DM. The pH of treated wheat straw and corn stover averaged 8.16 and 7.29, respectively, throughout the feeding period. For grain adaptation, steers were initially offered treatment diets at 1.5% of BW and had limited increases in feed offered at 0.23 kg/d (DM ba sis). No intake restriction for clean bunks was imposed after d 28. Orts were weighed weekly and the amount of DM refused was subtracted from the DM offered to calculate DMI. Steers were weighed individually on d 124 and live BW was shrunk 4% to calculate dressing percent (HCW/shrunk live BW). Feed offered on day of shipment, weighing, and shipment time were similar to Exp. 1. Carcass adjusted final BW was calculated from HCW and a 62% dressed yield was assumed. Carcass adjusted final BW was used to calculate ADG and G:F.
Data were analyzed using the MIXED procedure of SAS (version 9.2; SAS Inst. Inc.). Initial BW block was considered a fixed effect. Two models were constructed to analyze data. To compare the 9 diets with varying in clusions of DRC and proportions of MDGS to the con trol, pairwise comparisons for all 10 treatments were determined by Fisher's LSD method when the Ftest statistic was significant at an α level of P = 0.10, with tendencies declared at P < 0.15 to P > 0.10. To evaluate the main effects of crop residue type and chemical treat ment, a separate statistical analysis was completed using the MIXED procedure. For each factorial, main effects and the interaction term were analyzed. An α of P < 0.10 was considered significant. Initially, no significant inter action terms between type of residue and inclusion of DRC or between ratio of MDGS:stover and inclusion of DRC were noted (P > 0.15). Therefore, data were pooled within factorial, and the main effect of DRC was tested using linear and quadratic orthogonal contrasts.
RESULTS

Experiment 1
There were no grind size × chemical treatment inter actions (P ≥ 0.36) observed (Table 5 ). Steers fed AT had a 12.5% increase (P < 0.01) in ADG compared with NT. Reducing grind size slightly improved (P = 0.02) ADG by 3.2%. The DMI was lower (10.2 vs. 11.3 kg/d; P < 0.01) for AT compared with NT. Intakes were also lower (P < 0.01) for AT compared with NT when expressed as a percentage of BW. However, reducing grind size did not affect DMI (P = 0.87) or DMI as a percent of BW (P = 0.32). Gain efficiency was 17.4% greater (P < 0.01) for AT compared with NT. Reducing grind size increased G:F (P < 0.01) to a smaller degree (3.5% increase for 2.54cm compared with 7.62cm grind size). Greater carcass adjusted final and live BW (P < 0.01) were ob served for AT compared with NT as well.
Steers fed AT had a greater (P < 0.01) dressing per cent compared with NT. Smaller grind size tended (P = 0.08) to increase dressing percent. In both cases, gut fill was likely influenced, which is illustrated by dress ing percent. Steers fed AT had greater (P < 0.01) HCW compared with NT; however, smaller grind size had no effect (P = 0.26) on HCW. Larger grind size tended to increase marbling score (P = 0.07), but it is unclear why grind size would impact marbling. Alkaline treatment tended (P = 0.07) to increase 12thrib fat compared with NT, which is likely related to ADG. Decreases in dressing percent by NT and larger grind sizes are mostly attributed to greater ruminal fill but may also be related to decreased 12th-rib fat thickness.
Compared with the CON, AT was not different (P ≥ 0.05) for ADG, G:F, adjusted final BW or final BW measured before slaughter, dressing percent age, marbling score, 12th-rib fat, or calculated YG. Numerically, 2.54cm AT had greater G:F, ADG, and HCW than the CON, but this was not significant. 1 Set of diets included in factorial of ratio of modified distillers grains plus solubles and treated stover × dry-rolled corn (DRC).
2 Set of diets included in factorial of crop residue × DRC.
3 MDGS = modified distillers grains plus solubles.
4 Treated with 5% (DM basis) calcium oxide at 50% DM.
5 Supplement formulated to be fed at 4% of diet DM.
6 Premix contained 6% Zn, 5% Fe, 4% Mn, 2% Cu, 0.28% Mg, 0.2% I, and 0.05% Co.
7 Premix contained 88 g of thiamine/kg.
8 Premix contained 30,000 IU of vitamin A, 6,000 IU of vitamin D, 7.5 IU of vitamin E/g.
Premix contained 198 g/kg (Elanco Animal Health, Greenfield, IN).
10 Premix contained 88 g/kg (Elanco Animal Health).
Steers fed NT compared with the CON had a 13.6% reduction in ADG and 16.9% poorer G:F (P < 0.05).
Compared with the CON, steers fed NT had decreased final BW, dressing percent, and HCW (P < 0.01). However, similar (P > 0.05) 12thrib fat, marbling score, and calculated YG were observed between NT and the CON. For calculated NEg of stover compared with the CON, no interaction was observed between grind size and chemical treatment (P = 0.76). Smaller grind size increased (P = 0.02) NEg by 40.95%, regardless of whether treated or not. A 6.2fold increase in stover NEg was observed for steers fed AT compared with NT (P < 0.01). These findings suggest that grinding to a smaller size is additive with chemical treatment. Furthermore, lack of interaction between grind size and chemical treatment on performance suggests that grind size did not enhance chemical treatment by creating greater surface area for CaO. However, performance was improved for smaller grind size and this could cre ate incentive to grind stover smaller before processing.
Experiment 2
Within each nested factorial, few significant in teractions were observed. For factorial 1, significant interactions were noted for 12thrib fat (P = 0.10) and LM area (P = 0.10). For factorial 2, a tendency for a significant interaction was observed for DMI (P = 0.11). As a main effect (data not presented), steers fed a 3:1 ratio of MDGS and corn stover had greater dressed yield (P = 0.06) and 12thrib fat (P = 0.01) and tended to have lower DMI (P = 0.14) compared with steers fed 2:1 ratios.
No difference was observed P > 0.23) for final BW, G:F, ADG, DMI, or HCW when all diets were compared using an Ftest (P ≥ 0.29). Increasing DRC improved (P = 0.04) G:F and linearly increased ADG (P = 0.07) in treated stover diets (Table 6 ). Increasing DRC linearly increased (P = 0.08) live BW and tended (P = 0.12) to linearly increase carcass adjusted final BW. Increasing DRC quadratically increased (P = 0.02) ADG and HCW (P = 0.05) but had no effect on G:F (P ≥ 0.15) with 3:1 ratios.
Final BW was quadratically increased (P = 0.05) by increasing DRC level in either MDGS:stover or MDGS:straw diets (Table 6 ). A linear (P = 0.02) and quadratic (P = 0.04) response was observed on ADG as DRC increased in steers fed diets with 3:1 MDGS:crop residue. A tendency (P = 0.15) for a quadratic response to DRC inclusion was observed for DMI and G:F (P = 0.13) for steers fed these sets of diets as well. Calcium oxide treatment solubilized (relative to untreated) 13.6 and 13.7% of the NDF for treated wheat straw and corn stover, respectively (Table 4) , which is less than Exp. 1.
DISCUSSION
The differences in DMI observed in Exp. 1 between AT and NT follow typical relationships of roughage and DMI (Galyean and Defoor, 2003; Arelovich et al., 2008) , with NT steers attempting to compensate by having greater DMI as energy density is decreased. It would be expected that DMI of the control would be lower com pared with the other diets tested. Owens (2011) evalu ated substitution of various roughages for steam-flaked grain and noted that for most roughages, DMI and ADG increased in a curvilinear fashion whereas expected G:F decreased quadratically. Presumably, energy consump tion is limiting intake for control steers (Allen et al., 2009) ; however, it is unknown if gut fill or energy is reg ulating intake in steers consuming treated and untreated diets. The control in this study supplied 4.1% NDF from roughage, which is comparable to what is tradition ally fed (Vasconcelos and Galyean, 2007) . Benton et al. (2007) fed zero, low (2.30 to 2.65%), or normal (4.60 to 5.83%) amounts of roughage supplied NDF from various sources (balanced to provide similar amounts of NDF) and found that the addition of roughage increased DMI and ADG but did not depress or improve G:F in diets containing 30% WDGS. They noted increased DMI, ADG, and final BW of steers fed normal amounts of roughage compared with steers fed low amounts of roughage. The authors concluded that addition of rough age in diets containing WDGS appears to have similar effects as roughage addition to grainbased diets. In the present study with different grind sizes, we estimated the energy value of AT and NT stover relative to the control. This initially required an assumed NEg content for the NT stover (5% diet DM) in the CON diet of 0.11 Mcal/kg (Burken et al., 2013) . When compared with a 7.62cm NT stover diet, which had corn stover inclusion at 20% of diet DM, the calculated energy value was similar (0.08 vs. 0.11 NEg Mcal/kg) to that estimated by Burken et al. (2013) . Compared with the control diet, 2.54cm NT stover appeared to have greater energy than estimated (0.27 vs. 0.11 NEg Mcal/kg) For 2.54cm NT stover, reducing grind size increased NEg, presumably due to increased surface area for microbial attachment and increased rate of digestion. In contrast, Shain et al. (1999) noted no difference on finishing per formance between steers fed equal NDF supplied from alfalfa or wheat straw, which had been ground through various screen sizes (0.95, 7.6, or 12.7cm i.d. screens) . In that study, however, the diets fed likely posed more risk to subacute acidosis, had lower roughage levels, and did not have dietary inclusion of MDGS. Collectively, NDF digestibility may have been much poorer than in the current study, which could have masked differences due to grind size. No differences in NDF recovered or solubilized by AT was noted between 2.54 and 7.62cm ground stover (Table 2 ). In Exp. 1, chemical treatment was effective in solublizing 30% of the corn stover NDF and it also numerically increased stover pH (Table 1) For NDF, this increase is similar to, but slightly greater than, previous research with CaO (Shreck et al., 2015) . Calculated NEg of 2.54cm AT stover was greater than 7.62cm ground AT and had slightly less energy (1.21 Mcal/kg) compared with corn grain; in this evaluation, we adjusted tabular values for level of intake (Tedeschi et al., 2005) and assumed that corn contained 1.37 NEg Mcal/kg. This energy value is supported by similar DMI, G:F, and dressing percent, compared with the CON. 1 AT = alkaline-treated crop residue (5% CaO and water added to 50% DM); NT = nativem not-treated form.
2 Highest reported SEM from Ftest; model considered all diets.
3 G = main effect of grind size.
4 T = main effect of chemical treatment.
5 G × T = grind size × chemical treatment interaction.
6 Calculated as HCW/common dress (63%).
7 Pen weight before slaughter; pencil shrunk 4%.
8 Calculated as HCW/(live BW × 0.96).
9 500 = Small00; 600 = Modest00.
10 Yield grade (YG) = 2.5 + (6.35 × fat thickness, cm) + (0.2 × 2.5% KPH) + (0.0017 × HCW, kg) -(2.06 × LM area, cm2); Boggs and Merkel (1993) .
However, in vitro data (Shreck et al., 2011) would sug gest that effect of chemical treatment alone may increase energy value (using OM disappearance) by 51.4% com pared with untreated. Correspondingly, this explains some but not all of the energy value of treated stover. Mechanisms behind similar performance of cattle fed 20% treated stover compared with the CON, as well as the increase in calculated energy content of 7.62cm NT stover compared with the CON, are unclear but may be related to several factors. The inclusion lev el of corn stover in both AT and NT diets was much greater than commonly used for traditional roughage. Correspondingly, this could create a filter bed effect (Faichney, 1986) , leading to greater ruminal reten tion time of distillers grain or corn (Welch, 1982) . In comparison to roughages (Shain et al., 1999) and DRC (Scott et al., 2003) , particle size of distillers grains is much smaller than most feedstuffs (Bhatti and Firkins, 1995) . Greater stratification of rumen contents, due to inclusion of crop residues, could increase residence time of small particles such as WDGS thereby increas ing ruminal digestibility (Welch, 1982) . However, giv en the small difference in NEg of 7.62cm NT stover compared with the CON, rumen retention time of other ingredients may not be increased to a great extent.
Some have found decreased ruminal residence time for grain as roughage increased in the diet (Owens and Goetsch, 1986; Moore et al., 1990; Wylie et al., 1990) whereas others have noted no difference Shain et al., 1999) . Shifting site of digestion for starch toward the small intestine is gen erally viewed as counterproductive to efficient grain utilization as intestinal starch digestion is limited (Huntington, 1997) , despite energy losses associated with fermentation. hypothesized that shifting the site of digestion of starch would result in 42% greater energy capture compared with fermen tation. Under the conditions of this study, grain inclu sion is much lower for treated stover diets than typi cally observed for finishing cattle and intestinal starch digestion may not be overwhelmed.
To date, few studies have focused on corn replace ment strategies similar to Exp. 2 as, historically, corn was inexpensive and the most economical source of en ergy (Corah, 2008) . Still today, corn is the primary grain used in finishing diets (Vasconcelos and Galyean, 2007) , 1 MDGS:stover: 2:1 or 3:1 and MDGS:straw 3:1 (DM basis) ratio of MDGS to treated corn stover or wheat straw replaced by 10, 25, or 40% DRC. Corn stover and wheat straw treated with 5% CaO and water added to 50% DM.
2 Significant linear and quadratic effect (P ≤ 0.10) of DRC inclusion when 3:1 and MDGS:stover and MDGS:straw diets are pooled, interaction between DRC and MDGS:crop residue was not significant (P ≥ 0.15).
3 Calculated as HCW/common dress (63%).
4 Significant linear effect (P ≤ 0.10) of DRC inclusion level when 2:1 and 3:1 MDGS:stover diets are pooled; interaction between DRC and MDGS:stover was not significant (P ≥ 0.15).
5 Pen weight before slaughter; pencil shrunk 4%.
6 Calculated as HCW/(live BW × 0.96).
7 500 = Small00; 600 = Modest00.
typically making up at least 50% of the diet (DM basis). Sewell et al. (2008) fed Holstein steers (n = 32) a diet that replaced all of the DRC with pellets that contained 25% (DM basis) dried distillers grains plus solubles (DDGS) and CaO-treated (5% DM basis) wheat straw or corn bran (in varying proportions) that made up the majority of the pellet composition. In that study, no difference in ADG was observed but replacing all of the DRC increased DMI, which lead to 11.9% (corn fiber:wheat chaff blend) and 25.8% (wheat straw) reductions in G:F compared with a CON diet that contained 50% DRC, 25% DDGS, and 15% corn silage (DM basis). That study suggested that CaOtreated crop residues fed in conjunction with a distillers grain-based diet may be a feeding strategy to reduce diet costs while maintaining acceptable perfor mance. Rich et al. (2011) fed levels of WDGS in excess of 70% with and without DRC and varying roughage levels. From that study, it appeared that even small inclu sions of DRC (17 and 9%, DM basis) improved ADG and G:F and dramatically reduced days on feed.
Optimal inclusion of WDGS is 30 to 40% of diet DM (Klopfenstein et al., 2008) but exceeding this level can reduce performance. Rich et al. (2011) noted large depressions in DMI, ADG, and HCW for steers fed (DM basis) 70% WDGS, 16.8% DRC, and 8% wheat straw compared with steers consuming 40% WDGS, 50% DRC, and 5% corn stover. In that study, high dietary sulfur content (0.63% for 70% WDGS diet compared with 0.41% for 40% WDGS diet) likely contributed to the poorer performance of steers consuming high levels of WDGS. Excess sulfur (>0.46% diet DM; Nichols et al., 2013) has been characterized as detrimental to both animal health (Gould, 1998) and performance (Sarturi et al., 2013) . Dietary sulfur exceeded recommended levels (Vanness et al., 2009 ) for many of the treatments in Exp. 2; however, no steers had symptoms associated with polioencephalomalacia (PEM). The high-fiber di ets fed in Exp. 2 likely suppressed PEM from occurring (Vanness et al., 2009; Morine et al., 2014) .
The results of these studies suggest that when feed ing a diet consisting of 40% MDGS, up to 15 percentage units of the DRC in the diet can be replaced by CaO treated corn stover. Finer grinding of corn stover before treatment improved performance and this effect was ad ditive with chemical treatment. To displace more than 15 percentage unitsof corn from a finishing diet, using a higher proportion (3:1 vs. 2:1) of MDGS relative treated stover or straw is possible. We conclude that a maximum of 20% treated residue (DM basis) and at least 25% DRC are needed to support feed efficiency similar to that of a 56% DRC and 5% roughage diet. Collectively, these studies demonstrate corn replacement options, which can maintain performance and ultimately increase prof itability when corn grain is expensive.
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